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SmmY -- I '  

I .  

A compxter code t o  ca lcu la te  omnidirectionsl vehicle  encountered trapped 

p a r t i c l e  f luxes has been developed. With i t ,  fast and accurate o r b i t a l  flux 

computations can be performed f o r  a r b i t r a r y  c i r c u l a r  o r  e l l i p t i c a l  t r a j e c t o r i e s  

within t h e  geiomag.aetic cavi ty  bounded by ~ 4 . 6  e a r t h  radii. Th? method of 

calculat ing the trapped p a r t i c l e  i n t e n s i t i e s ,  t h e  geomgnetic f i e l d  models 

employed i n  obtaining the magnetic coordinates B snd L, and the models of 

the rad ia t ion  environ-nents used i n  the flux cs lcu la t ions  a r e  presented. 

Solar  cycle e f f e c t s  on the b e l t s  and other time dependent var ia t ions  i n  

the  proton and e lec t ron  populations a re  b r i e f l y  examined. The decay of 

the a r t i f i c i a l  "Starf ish" component of the  e lec t ron  eavironment i s  

considered. Finally,  limits and l imi ta t ions  of models, s tepsize and duration 

of calculat ions,  and o ther  methods of  computation s r e  discussed. 

- 1 -  



. 
1. INTRODUCTION 

Since the f i r s t  s a t e l l i t e  observations of trapped rad ia t ion  and especial-  

l y  s ince the "STARFISH" experiment over the  Pac i f ic  on July 9, 1962, which 

resulted i n  the i n j e c t i o n  of about high energy electrons i n t o  t k e  upper 

atmosphere, i t  had became apparent t h a t  f a s t  and reasonably accurate methods 

were needed f o r  estimnting the rad ia t ion  hazards, t o  which s a t e l l i t e s  would 

be exposed, i n i t i a l l y  mainly on low and medium a l t i t u d e  missions. To meet 

' t h i s  demand, attempts wer? made a t  Goddard Space F l ight  Center as e a r l y  3s - 
\ - -  

+ 
1962 t o  wri;e computer program f o r  the obtainment of f l u x  estimates.  

Gradually, as the composition and population of the  rad ia t ion  b e l t s  b?came 

b e t t e r  understood and s a t e l l i t e s  penetrated deeper i n t o  space, f a s t e r  and 

more accurate routines were developed, which r e f l e c t e d  and u t i l i z e d  the 

added knowledge and which ul t imately extended t h e i r  e f f e c t i v e  range up t o  

and incluf ing the synchronous a l t i t u d e .  The - Orbital  Flux - Codes - (OFC's) -- 

of today are  f l e x i b l e ,  fast and e f f i c i e n t  t o o l s  f o r  t h e  r e l i a b l e  ca lcu la t ion  

and v a l i d  prediction of expected rad ia t ion  l e v e l s  2f any o r b i t a l  configuration 

i n  near ear th  space t o  an equator ia l  dis tance of 6.6 e s r t h  radii. 

following sectrions w i l l  ou t l ine  the basic  functions of the OIC's and tho 

method employed i n  the f l u x  calculat ions.  

The 
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* 2 .  STEPS IN THl3 CALCUTATION OF ENERGZCIC PARTICIX FLUXES. 

The ca lcu la t ion  by the  OFC's of energet ic  p a r t i c l e  f luxes  encountered 

by s a t e l l i t e s  i n  e l l i p t i c a l  o r  c i r c u l a r  o r b i t s  within severa l  e a r t h  radii 

m y  be divided i n t o  three  phases. 

P k s e  A: The o r b i t  determination plcase which generates an o r b i t a l  

tape containing the  geocentric coordina%as of successive points  along the 

t r a j e c t o r y  a t  a r b i t r a r y  constant time in t e rva l s  V ' t  (see sec t ion  6 , A ) .  

This p a r t  of phase A i s  not  in.zluded i n  the OFC's. 

I 

It i s  l e f t  t o  the user  

t o  s e l e c t  h i s  own method o f  generating the o r b i t  and t o  d x i d e  on the  accuracy 

of t he  process involved, To obtain a useful  estimate of t he  rad ia t ion  l eve l  

encountered on long f l i g h t s ,  it i s  recommended t h a t  t h e i r  tapes contain a t  

least a 24-hour sample D f  the  o r b i t  (see sec t ion  6 , B ) .  

A f t e r  t he  generation of the  o r b i t a l  tape th2  t r a j e c t o r y  i s  t ransfer red  

point  by point  i n t o  magnetic B-L space,* using McIlwain's coordinate trans-.  

formation rout ine Il!IVAR (1) (see sec t ioa  3,C), This tran&mmation csuld be 

combined with the  o r b i t  determination, i f  s o  desired.  

Phase B: The a c t u a l  o r b i t a l  f l u x  computation i s  now performed. For every 

poin t  along the  t r a j e c t o r y  the instantaneous f l u x  i s  obtained through i n t e r -  

po la t ion  frm a tabula t ion  2f  t h s  radiat ion i n t e n s i t i e s @ .  i n  B-L space. 

f l u x  i s  th3n or 'uit- integrated over the given duration T of t h e  f l i g h t  by a 

The 
1 

numerical quadrature proc?ss t o  y i e ld  the t o t a l  number J of p a r t i c l e s  incident  on 

one square centimeter of surface.  

T 

For purpose of calculation,T i s  divided 

*B i s  t h e  f i e l d  s t rength  ( i n  gauss) a t  a given point  on or above the  e a r t h ' s  
sur face  and L is the  magnetic s h e l l  parameter ( i n  R ) which l a b e l s  the f i e l d  l i n e  
passing through that paint.  
eQuatoria1 i n t e r s e c t  of t he  f i e l d  l i n e  and is  approximately constant along 
a l ine  of force  (A$). 

L i s  defined as the  gegcentric distance of t h e  
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i n t o  N equal subintervals V t ,  giving 

N 

o r  

1 

2 

Equati.on 1 i s  used i f  intermediate output i s  required; otherwise t h e  form 2 

i s  preferred.  

For electrons near the e a r t h ' s  surface the s lowly  decaying rad ia t ion  

produced i n  1962 by the "STARFISH" explosion gives a s i g n i f i c a n t  contribution. 

In such cases, appropriate decay f a c t o r s  a r e  appl ied a t  every s tep ,  updating 

the f l u x  t o  the desired epoch (2) (see sec t ion  3 ) .  

Throughout the calculation, the values of  severa l  var iab les  and parameters 

are obtained aad s tored  f o r  l a t e r  use i n  phase C, including: 

a )  Flux peaks i n  esch o r b i t a l  period with t h e i r  pos i t ion  i n  geocentric 

and magnetic caordinates and the elapsed x b i t a l  time a t  which they 

occur, 

b )  The t o t a l  accumulated f luxes i n  each o r b i t a l  period, 

e )  A breakdown of encountered f luxes i n t o  about 8 i n t e n s i t y  

ranges with duration of exposure, and 

d )  The d is t r ibu t ion  of th3 f luxes i n t o  severa l  raages of the 

parameter L. 

Phase C: This i s  the output phase and des ls  mainly with the  manipulation -- 
and arrangement of the  data corrlputed i n  phase B and produces a tabula t ion  of 

rad ia t ion  i n t e n s i t i e s .  

(per  day, per orb i t ,  e t c . ) ,  s p e c t r a l  d i s t r i b u t i o n s  a r e  calculated,  r e s u l t s  

a r e  t e s t e d  and chl-eked. 

per t inent  t o  the o r b i t  i t s e l f  i s  pr in ted  as w e l l .  

Thus, averaging f a c t g r s  a r e  computed and appl ied 

A l l  output i s  properly l a b e l l e d  and information 
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. 3. E,WIl3ONMENTAL AND GEOMAGNETIC MODELS CXJIGENTLY I N  USE. 

Orbi ta l  f l u x  calculat ions i n  near ea r th  s p c e  w i l l  be influenced by three  

major f ac to r s :  

magnetic f i e l d  representat ion used i n  t h i  conputation of  t he  magnetic coordi- 

na tes  B and L, and c )  the  method of obtaining B and L. 

a )  the choice of tho f lux  gr ids ,  b )  t he  model of t h e  ge.3- 

This i s  t r u e  f o r  

protons and e lec t rons  a l ike .  

A. Flux Grids: Th? best s tud ies  presenkly ava i lab le  on the  r a -  
p- 

d ia t ion  b e l t s  of the  ea r th  a r e  by Vet te  ( 3 )  and King ( 4 )  f o r  protons and 

by Vet te  ( 5 )  f o r  e lectrons.  

b e l t  observations ava i lab le  t3  date and th2 modt?ls they describe a r e  presented 

by mems of rad ia t ion  i n t e n s i t y  'maps". 

synchronous a l t i t u d e  electrons supplements t h e  environmental models. 

These documents r e f l e c t  most of t he  rad ia t ion  

A spec ia l  study by Vette (6) f o r  t h e  

The respect ive camposite e l ec t ron  maps AE2, AE3 and the proton maps 

APL, AF'2, AP3, AP4, AP5 a r e  nowadays widely used i n  f l u x  calculat ions.  

the  OFC's, t he  e a r l i e r  e lec t ron  map AE1 (3) has been replaced by the  more 

recent  A E ~  ( 5 ) .  

Ln 

B. Geomapetic Field:  There e x i s t  severa l  models describing the  geomagnetic 
P 

f i e l d  i n  terms of harmonic expansion coef f ic ien ts  of t he  s c a l a r  geamgnet ic  

po ten t i a l .  

sphe r i ca l  Lengendre coe f f i c i en t s  t o  actus1 surface measurements. Per iodic  

recomputations of t he  coe f f i c i en t s  a r e  necessary t o  take i n t o  8ccount the 

increased knowledge of t he  f i e l d  and i t s  se.cular changes. 

msaningful comparisons of data and resu l t s ,  espec ia l ly  i n  trapped p a r t i c l e  

studies, the 48-term Jensen and Cain model f o r  1960.0 (7 )  w a s  se lec ted  i n  1963 

f o r  general  use, i n  canjunction with tests of B-L camputing codes, discussed 

i n  paragraph C. 

These f i e l d  nodels a r e  constructed by f i t t i n g  a varying number a f  

In order t o  f a c i l i t a t e  
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In 1956 a 99-term recomputed version of the 1960.0 f i e l d  was published by 

IIenLi*icks and Cain (a),  which appears t o  be m : r e  accurate and may weii 

be adopte-d as the now standard. 

B-L Coordinates: Computer codes f o r  deriving B 2nd L with d i f f e r e n t  c. --- 
f i e l d  models were t e s t e d  i n  1963 z t  Goddard Space F l ight  Center and McIlwain's 

routine INVAR (version of 1962) w a s  proposed f o r  standard and uniform use 

OJ the  bas i s  of speed, accuracy and general a p p l i c a b i l i t y .  

i n  INVAR i s  th: 48 term expansion by Jensen and Cain of 1960.0 ( 7 ) .  The 

average e r ror  i n  B and L, computed with t h i s  model, does not  exceed 2x10 

gauss, i .e.  200 gammas f o r  the  former and about lolo f o r  the l a t t e r .  

The f i e l d  used 

-3 

A new modified and f a s t e r  version of INVAR i s  now ava i lab le  through 

the Nation31 Space Sciences h t a  Center of Goddard Space F l i g h t  Center. 

It gives the user  a choice between the  48-term Jensen and Cain f i t  of the 

e a r l i e r  code and the  new s e t  of 99 Zoefficients by Hendricksand Cain 

f o r  the same epoch. 

Stern (10) has proposed snother i n t e r e s t i n g  mzthod t o  ca lcu la te  t h e  

magnetic s h e l l  parameter L, with almost no r e s t r i c t i o J s  t o  i t s  a p p l i c a b i l i t y  

a t  t h ?  polar or equator ia l  regions. It s e e m  t o  be cansiderably faster than 

I3VA.R but i s  n3t  as accurate.  

4. PHYSICAL PROCESSES CONSIDERED. - 
Time dependent changes i n  the  trapped p a r t i c l e  enviroment  are of 

importance i n  long range f l u x  predict ions.  While the slow s o l a r  cycle 

var ia t ions  i n  the  energet ic  proton population a t  low a l t i t u d e s  are not 

w e l l  determined, they mzy be neglected s ince  the  t o t a l  rad ia t ion  dose from 

t h i s  source is  r e l a t i v e l y  small. 
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However, the rate of change of the  electron f l u x  i s  far more rapid and 

s i g n i f i c a n t  and hence of real concern i n  x b i t a l  f l u x  calculat ions.  

are two processes involved. 

inner  b e l t  e lec t ron  l e v e l s  (Ld .7) ,  resu l t ing  from t h e  continuing decay 

process of the S t a r f i s h  p3pulation, t h a t  requires an updzting of the AE2 

fluxes by s u i t a b l e  decay fac tors .  

measured decay constants by a spec ia l  routine (2) developed i n  1$4 and 

modified i n  1966. 

There 

F i r s t ,  there i s  a dscrease with time of th? 

These are calculated from experimentally 

Because they change with t i m ? ,  the  decay constants now i n  use a r e  

slowly becoming obsolete. Moreover, the l i fe t imes  of  t h e  S t a r f i s h  remnants 

are becoming shor te r  and the  decay rate is  expected t o  acce lera te  with 

the appraach of s o l a r  maximum, so  t h a t  the electron population w i l l  

decrease f a s t e r  than predicted by the computations. 

It i s  evident t h a t  continuous measurements of t h e  decay constants 

are necessary, a t  least f o r  thz next 2 o r  3 years. 

maximum, t h e  electron f luxes i n  the  L<107 region w i l l  probably rever t  back 

t o  t h e i r  n a t u r a l  l e v e l s .  Their f luctuat ions due t o  t h e  s o l a r  cycle w i l l  

then have t o  be determined experimentally. 

After  the  1969 s o l a r  

Secondly, there  i s  a subs tan t ia l  r i s e  predicted i n  t h e  f lux l e v e l s  a t  

Q 4 4  f o r  s o l a r  maximum. It i s  an t ic ipa ted  t h a t  th?  i n t e n s i t i e s  of the 

outer  b e l t  e lectrons w i l l  go up because of increased a c t i v i t y  on the sun 

(magnetic storms).  

loading would impose l imi ta t ions  on the amount of the  added number of 

p a r t i c l e s  trapped i n  that way. 

However, i n s t a b i l i t i e s  i n  the outer  zone due t o  f i e l d  l i n e  

A t  the time of t h i s  writ ing,  estimates 
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based on the  1$4 l e v e l s  varied from a f a c t o r  of 50 t o  a f a c t o r  of 280 

( 5 ) ,  with the g rea t e s t  increase placed a t  about I,-3.5. 

5- LIMITS OF THE ENVLRONMEmL MOELS 

Most ava i lab le  models of t he  r ad ia t ion  b e l t s  surrounding the  e a r t h  

confine themselves within a magnetic space bounded approximately by L=6 

and ~ = , 6 0 .  The reason f o r  t h i s  i s  t h a t  a t  about 6.5 e a r t h  radii ( t h e  

a l t i t u d e  of synchronous sa te l l i t es )  f luxes  w i l l  be extremely var iab le  

i n  time, with i r r e g u l a r  changes from day t o  day. Solar  proton events 

are expected t o  penetrate  this region with almost undiminished s t rength.  

Also the  magnetosphere a t  t h a t  a l t i t u d e  i s  conpressed on t he  day s ide  and 

elongated on the  night  s ide,  due t o  the  s o l a r  wind, and becomes markedly * 
asymmetrical, This means t h a t  t he  ind ica ted  values  of B and L may be 

regarded as the  limits of t he  ordered d i s t r i b u t i o n  of those trapped 

p a r t i c l e s  t h a t  a r e  not a f f ec t ed  by l a r g e  temporal or diurna l  var ia t ions .  

In ps r t i cu la r ,  V e t t e ' s  proton maps ( 3 )  contain no s i g n i f i c a n t  i n fo r -  

mation beyond L 4 . 5  and B=,32, Although i n  s p e c i a l  cases t h e  maps may be 

used beyond these  values, it w a s  found t h a t  t h e  contr ibut ions t o  t h e  o r b i t a l  

f l u x  calculat ions derived f rom such an extension were a t  times i n s i g n i f i c a n t  

and a t  other times produced dubious d i s t o r t i o n s  i n  t h e  ca lcu la ted  f lux 

p ro f i l e ,  depending on t h e  configurat ion of t he  o r b i t ,  

$ Ln magnetic fields s t rongly  departing from axial symmetry it i s  no longer 
p3ssible t o  ass ign  a s ing le  value of L t=, each f i e l d  l i n e .  A group of 
p a r t i c l e s  trapped i n  such a f i e l d ,  s t a r t i n g  from t h e  same f i e l d  l i n e  on t h e  
day s i d e  but with d i f f e r e n t  mirror poin ts  on t h i s  l i n e ,  w i l l  usua l ly  h v e  
d r i f t e d  t o  a wide range of f i e l d  l i n e s  when they have reached the  n igh t  s ide ,  
If a magnetic s h e l l  parameter "L" i s  t o  be assigned t o  f i e l d  l i n e s  i n  such 
a f i e l d ,  a d i f f e ren t  ass igna t ion  i s  needed f o r  each group of p a r t i c l e s ,  
depending a l s o  on t h e  f i e l d  i n t e n s i t y  B 
no such assignat ion ex i s t s , .  and radiati& i n t e n s i t i e s  observed i n  this region 
resist any attempt of c l a s s i f i ca t ion .  

a t  which they mirror,  In prac t ice ,  

( 9 )  
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It i s  beLieved that t h i s  i s  mainly due t o  the  extrapolated exponential 

energy p a r m e t e r s  i n  the  higher L regiolzs. 

L 4 . 5  and B=.32 have been incorporated i n t o  the OFC's as the bmndaries 

for  proton calculat ions.  

merefore ,  the values of 

With respect t o  e lectrons,  the meaningful p a r t  of the AE2 map 3oes 

not extend s i g n i f i c a n t l y  beyond L4.2. 

been placed a t  L6.5 and ~ = . 6 0  f o r  cornputational convenience. 

6. TIME CONSIDERATIONS 

The limits of t h i s  m a 2  have 

Faere e x i s t  two e f f e c t i v e  ways by which t h e  t o t a l  computing time of the 

OZC's may be control led and the  accuracy of the r e s u l t s  influenced. These 

are a v a r i a t i o n  i n  the s i z e  of the i n t e r v a l  V t  o r  a modification of the 

duration of the o r b i t  sample T. A t h i r d  p o s s i b i l i t y ,  not  ava i lab le  i n  

the codes, w i l l  be discussed b r i e f l y  i n  sect ion 7. 

The s teps ize  v t :  Convenience and speed made it or ig ina l ly  desirable  

t o  have t h e  time i n t e r v a l  V': constant ra ther  than var iable ,  but with minor 

modifications i n  the programs a varying i n t e r v a l  might be subs t i tu ted .  

The s i z e  of t h e  constant O t  i s  a matter of preference of thz user and 

may be determined by him. However, there  a r e  c e r t a i n  considerations which 

w i l l  r e s t r i c t  t h i s  choice. On the  on? hand, the s p a t i a l  d i s t r i b u t i o n  of 

trapped p a r t i c l e s  i s  not even o r  symmetric; l a r g e  gradients i n  the f luxes occur 

near t h e  magnetic anomalies. A s  a consequence, too b i g  an in te rva l ,  while 

s u b s t a n t i a l l y  decreasing the number of points per o r b i t  and hence saving 

computer time, may r e s u l t  i n  the  p o s s i b i l i t y  of e n t i r e l y  missing a high 

i n t e n s i t y  reeion, which w i l l "  cause the  calculat ions t o  be inaccurate 

and t h e  r e s u l t s  misleading. On the other  hand, too s m a l l  an in te rva l ,  while 

improving accuracy, w i l l  a l s o  considerably increase computer time. 
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Experience hss shown that f o r  o r b i t s  within 3 e a r t h  radii a 1 minute 

i n t e r v a l  w i l l  s a t i s f y  the requirements f o r  speed and accuracy reasonably 

w ~ l l  i n  the majority of cases. This s teps ize  i s  now most comonly used i n  

o r b i t a l  f l u x  calculations.  

i n t e r v a l  i s  favored by the wri ter .  

For especial ly  precise  computations a 14 second 

The f l i g h t  duration T: The simulated duration of the o r b i t a l  f l i g h t  

sample i s  controlled by the  input  quant i ty  T. 

terminated a t  any desired length. In s e l e c t i n g  an ap2ropriate value f o r  T 

the user  i s  again faced with the  problem of ava i lab le  camputer time versus 

s a t i s f a c t o r y  and r e a l i s t i c  resu l t s .  Because o€ the  r o t a t i o n  of the  e a r t h  

under the s a t e l l i t e  t r a j e c t o r y  and the precession of the o r b i t  due t o  

mass anomalies, the vehicle  sweeps out a tube i n  geomagnetic space. 

Through T 2 run mzy be 

ear th-  

To assure a t r u l y  representative sampling of the  ambient rad ia t ion  

environment i n  that tube and t o  obtain a meaningful avi:rage, it i s  necessary 

t o  extend the  flux calculat ions over an adequate length of f l i g h t  time. 

"ais means t h a t  f o r  moat o r b i t s  the f l i g h t  duration should not be l e s s  than 

24 hours. 

period of a vehicle exceeds 103 minutes, it may be advisable t o  extend the 

duration t o  48 hours o r  more. 

If very e l l i p t i c a l  t r a j e c t o r i e s  a r e  inves t iga ted  o r  i f  the o r b i t a l  

A balanced adjustment of both parameters, ot and T, w i l l  optimize the  

m m i n g  time f o r  a given accuracy. 
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7 .  - OTHER IvETHODS OF COMPUTATION 

Many independent program f o r  o r b i t a l  f l l x  calculat ions have bezn 

writ ten,  some qui te  elaborate,  r e l i a b l e  and effect ive;  they were mostly 

developed along similar l i n e s  as t h e  OFC's and they usual ly  work on 

p a r a l l e l  pr inciples ,  the method being more o r  less the  same. 

Several workers have a l s o  t r i e d  t o  produce computer programs which 

g r e a t l y  reduce the amount of compgter time required. To t h i s  end, som? 

have de l ibera te ly  introduced such approximations t h s t  thz progrzQ produces 

e s s e n t i a l l y  a rough estimate only of the  encountered fluxes.  Care should 

be taken therefore  when using any fast  routines uriless one i s  fami l ia r  

with the  method used by them. 

-- 

However, there  i s  another way of increasing the  computational speed, 

which does not reduce accuracy. 

regions of space do not  e n t e r  i n t o  o r b i t a l  f l u x  considerations a t  a l l  

because of the geomagnetic geometry. One could define these regions as 

being t h a t  p a r t  of space, which l i e s  outside the  L 4 . 6  s h e l l .  

approximate boundaries of t h i s  s h e l l  i n  geocentric polar  space a r e  reasonably 

w s l l  known, a s e r i e s  of t e s t s  of the geocentric coordinates of a point  

w a d d  determine i f  i t  i s  of s ignif icance f o r  the f lux calculat ions.  In 

t h i s  case, and only then, a transformation t o  B-L coordinates would be  perforined. 

T h i s  schem? would be f a s t e r  than the OFC's mostly f o r  polar o r  high inc l ina-  

t i o n  o r b i t s  where up t o  53'/0 of the points  may l i e  outside the  c r i t i c a l  

reg.ions, depending on the  a l t i t u d e  and the o r b i t  configuration. 

It i s  based on the assumption t h a t  c z r t a i n  

Since the  
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8. CONCLUDING REMclRKS 

Since 1962, o r b i t a l  f lux  calculat ions have become an increasingly 

important f a c t o r  i n  the planning of missions and i n  the designing of 

spacecraft  o r  equipment, 

Many spec i f ic  cases have occurred, where o r b i t a l  f l u  calculat ions 

have helped i n  the evaluation of data, have a s s i s t e d  i n  the  i n t e r p r e t a t i o n  

of observed phenomena o r  i n  the  c l a r i f i c a t i o n  of recorded events, and 

have contributed t o  the assessment of component degradation, f a i l u r e  

o r  damage. 

Strong i n t e r e s t  i s  continuously expressed i n  them and a growing 

number of requests f o r  routine o r  spec ia l  rad ia t ion  environment s tud ies  

i s  being received. 

development of the OFC's i n  t h e  past. Requests, imposing requirements 

of constantly r i s i n g  complexity and sophis t icat ion,  necessi ta ted many 

improvements and resu l ted  i n  a multitude of changes and addi t ions,  

The f u l f i l l m e n t  of these requests has guided the  

In the  near future ,  a fusion of a l l  programs i n t o  one uni f ied  mzster 

It i s  a l s o  planned t o  eventually include 1 MeV rout ine may be attempted. 

equivalence calculat ions f o r  as many mater ia ls  as possible, depending 

on the a v a i l a b i l i t y  of damage curves, and t o  add dosage conversion. 

The major emphasis, however, w i l l  be placed, as before, on the  

periodic updating of the codes. 

f i c i e n t  new information and data w i l l  have been collected,  t o  permit the  

construction of reasonable s o l a r  cycle dependent models of the  environments. 

It i s  hoped t h a t  i n  2 or 3 years suf- 
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The OFC's i n  t h e i r  present form compute i n t e g r a l  fluxes and in t eg ra l -  

f l u - d i f f e r e n c e s  but, w i t h  only s l i g h t  changes, d i f f e r e n t i a l  fluxes or 

other  usefu l  quan t i t i e s  may become avai lable .  

Input parameters permit t h e  se lec t ion  of e i t h e r  of t h e  geomagnetic 

f i e l d  models mentioned i n  sec t ion  3b and cont ro l  t he  intermediate or 

running output f o r  every n th  pos i t ion  along the  t r a j e c t o r y  (n=0,1,2,3.0..). 

When n i s  not zero, t he  program p r i n t s  t he  geocentr ic  and the  maguetic 

coordinates of every n th  point ,  the  time assoc ia ted  with it, and the  

instantaneous or pos i t i ona l  flux i n  the  decayed and non-decayed form. 

It also gives the  continuous summation value a t  that p s i t i o n ,  

The f i e l d  computing p a r t  of t he  program has been kept separate  i n  

t h e  forin of a subroutine, 

because it i s  most convenient for interchanging or updating the  various 

models. Similarly,  t h e  environmental models are contained i n  separate  

subroutines f o r  t he  same reasons. 

This i s  a p rac t i ca l  and advisable arrangement, 

The codes, i n i t i a l l y  wr i t t en  i n  FORTRAN IV f o r  t he  IBM 7094, DCS System, 

have been r ecen t ly  modified i n t o  FORTRAN H f o r  use on the  360. 

g o  PART 2 

P a r t  2 of this work i s  planned fo r  publ icat ion i n  la te  summer, 1967. 

It w i l l  present  extensive computational results, which w i l l  be analysed, 

discussed and in te rpre ted .  It w i l l  a l s o  include complete l i s t i n g s  ard 

flow chz r t s  of t he  codes w i t h  proper ins t ruc t ions  and explanations. 

F ina l ly ,  world maps depicting contours of constant flux a t  se lec ted  

a l t i t u d e  l e v e l s  w i l l  be attached. 
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